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THE RELATIONSHIP BETWEEN THE CONCENTRATIONS OF SERUM
LIPOPROTEINS AND SERUM LIPIDS

In this laboratoty current resemrch procedures require that simultaneous measure-
ments of blood lipoproicins and blcod lipids be accomplished in an effort to estimate
the risk of coronary disease. It has been suggested that little additional informaticn
is gained by tke multiple determinations. Thice studies report /.) the extent of cov-
telation between ultracentrifugally deturmined serum lipoproteins, (2) the errors of
measurement involved in all determinations, and (3) age-specific values for ali serum
pux ymeters in the same population. It was found that sithough s high cortelation exists
betireea a linear combination of .lteacentrifugally determinec lipoproteins and the
serum concentrations of cholesterol and phospholipid, the prediction of lipoprocein
levels from the purely chemical measurements is not entirely setiufactory. Therefore,
for the time being at least, ail measurements will have to be accomplished.

In 1950, Gofman (1) reported that the serum
lipoprotein concentrations determined by ultra-
centrifugation were significantly correlated with
the incidence of coronary disease in the
American male. Subsequently, the utility of
such measurements as diagnostic and predictive
measures of coronary disease has been the
subject of extensive evaluation (2-7). Age-
specific values for the concentrations of the
standard lipoprotein classes have  been re-
corded (8). This report will compare the meas-
urcment crrors involved in the estimation of
serum csncentrations of lipids and lipoproteins;
will esiimate the extent of correlation between
ultracentrifugally determined serum lipoproteins
and the corresponding concentrations of cho-
lestero! and lipid phosphorus; and will indicate
age-specific valves for such serum parameters
in the same population.

EXPERIMENTAL

In order to stud - measurement errors and
the corrclations betwee~ parameters sera from
20 normal (N) subjects and 20 persoas with
a proven history of myocardial infarctinn (MI)
were used. All the tests on these samples
were performed in duplicate.

The age-specific data were accumulated
during the period 1953-1957 from various serv-
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ice agencies.' The tcial number of sudjects
invclved was 1,423. From these data various
staristics were computed and are reported  elow.
The sera we:re anzlyzed for the uliracen-
trifugal concentrations of the Sf0-12, S 12-20,
ani S2 20- .00 lipoproteins by methods described
els2where (9-11). In addition, the atherogenic
index (A.l.) was calculacted.? Serum cholesterol
concentrations were ineasured by the Bloor
method (12), and Ipid phosphorus levels were
determined by the Fiske-Subbzrow technic (13).

RESULTS AND [ISCUSSION

The measurement errors determined from
duplicate analyses of lipid and lipoprotein
parameters for the 20 N and 20 MI subjects
are recorded in tabie 1. The differences between
the means of the Mi anc N groups for each
variable are statistically significant and con-
firm data previously reported (15). The meas-
urement errors’ are roughly equivalent for the

'The breakdown ot the group shows 459 West Point cadets,
199 Army basic trainees, 348 Pentagon officers, 228 At Defease
Command personnel, 109 officers teferred to the S:chool of

Aviation Medicine Consultation Service, and 84 School of
Aviation Medicine personnel.

3
Al -
Concentration (S§ 0-12) +1.7% concentration (S7 12-29 + S} 20-400)

10 (Rel. 14).

M Mmeasurement cifof, i1 percent, 1« defined ax the
withia-_ubject  standard deviator  divided by thr mean of
the first determination and multiplied by 100,
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TABLE I

Means, standard deviations, and measurement errors for serum
parameters in )7 wi's and 20 N's

Mean Sctendas wveviation Measusemrent error
Vaeiable &)
L4 N M N MI N
. 5;’0-12 462 375 i22 84 8.5 11.3
S? 12-20 63 43 35 2 162 9.6
S? 20-400 15 128 110 101 18.0 14.5
S_? 0-400 680 545 207 165 9.8 10.2
AL 1 67 29 25 10.7 8.9
Cholesterol 326.4 270.3 73.7 44.6 1.9 2.0
Phospholipid | 11.65 10.30 2.45 1.25 38 2.8
TABLE U
100
Correlation coefficients (1) between A.l. and . ‘."‘ safs SEVIINOS
serum paramelers : tn:'umu vALVE
Variable (Y) . ' ]
arisble ALY 800 S
0-12 669
12-20 655
20-400 .894 %9
AL’ 916
Cholesterol 779 ! 1
Pkospholipid .801 “ ‘_
T 40| —_ #.
°.. ' —
s T TR
Ml end N groups. For ultracentrifugally de-

termined lipoproteins, this error ranges from
8.% to 19.1 percent; for lipid phosphorus, ap-
proximately 4 perceat; and for choisterol,
2 percent.

The cormrelations between A.l. and the other
parameters are given in table iI. The duplicate
determinations of A.l. gave a correlation of
0.916, somewhat less than the largest obtainable
value of 1.00. All other correlations reported
are less than 0.916.

Since the caorrelations between A.l. and.other
serum parameters are high, aad also since the
measurement errors of some of these variables
are as small as or smaller than those for
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Age trend of 9}’ 0-12 lipoprotein concentrations.




i e R e et bl |

19, goen s paamen.

; T X . ]
N L e
“ o 3 ps g

ATHEROST NG MOEX
ot
L
\:!
e
]
i

"-—/ i
4 ]
{
. TR Ty R ws s ws Wy ws
A
\'I'IS 283 18 ¥C S 425 415 529 315 62 :
Act FIGURE 4
FIGURE 2 rge trend of atberogenic index values.
Age tread of 57 12-20 lipoprotein concentrations. " l
oy
!Q?f SEVIANIONS
b LITERATURE vaLut ] —
- i
001 4 § *ﬂ’. T / ;
Sl . :
/ i
o
v}
§ ™ ’ . 1
» * L 4 ——
& ;
Py * l ]
» L / A3 ;s S m3 NS @S a4 3 93 es
00 / [ 4
-~ FIGURE ¢
Age trezd »f cholesterol concentratiors.
3 4 17 “ . é
‘:.z’f [ LA ] !x
e e e e e T o s B
P 228 115 323 378 4S 479 %8 578 s - 13 P T { —dee l - i
ASE i 1 i t
= lipe e T, A
0 . . . |t :
Age tresd o, / 20-400 lipoprotein coacentrations. l*-;/ -t — -
[ ! )
c . . P T . '
A.lL., it seemed appropriate to ascertain whether . 4 :
i A.l. might be satisfactorily predicted from a . 1 At
3 linear combination of some or all of these Ty e oy w3 o G w3 mr o e
other variables. The data on the 1,423 subjects FIGUR!‘-: p
were used to formulate equations which pre-
dicted A.l. from combinations ol the three Age irend of lipid - suspborus clues.




TABLE W1
Age distribution o] 1,423 subjccts

Aye growp Number
17-19 70
20-24 509
25-29 145
30-34 35
35-39 117
40-44 186
45-49 195
© 50-54 111
55-59 37
60-64 18
1,423

parameters age, chulesterol, and lipid phos-
phorus. The best such equation made use of
all three parameters and took the form:

A.L (predicted) = —26.46 + .1661 age + .1947
cholesterol + 2.4906 lipid
phosphorus,

This equation was used to estimate A.l. from
the first run dete.minations of cholesterol
and lipid phosphorus for the N and M groups
totaling 39 sampios. These predicted AL
values were correlnted with both A.l. and

AL the correlation coefficients were .800
ard .816. respectively. It is evident tha: < --re
is better agreement between the dupiicaie
measurements of A.l. than between A.l. and
the A.L predicted from the given equation.

The age-specific values cor 8?0-12, 3¢ 12-20,
$§ 20-400, A.1., cholesterol, and lipid phophorus
are presented in figures 1 rthrough 6. The x's
indicate two standard deviations from the meas.
The +'s are points obtained from the litera-
ture (8). Table Il gives the age breakdown
of the 1,423 persons included in the study.

If the assumption is made that these cross-
sectional data are indicative of age changes
in the individual, such data then predict that
all the lipoprotein concer‘rations and the cho-
lesterol level will increase at comparable
rates during the third and fourth decades of
life, after which levels wili be maintzined.
Serum lipid phosphorus concentrations increase
at a less rapid raie in an alinost linear fashion,
but the increase is maintained until the in-
dividual is past S0 years of age. The slightly
decreased isvels in the oldest age group m.y
represent the process of natural selection.

In general, the Gofman lipoprotein ‘1ta for
a civilian population are significancly higheor
than the data reported here for the militarv
group. These differences may be attributed
to the selection which attends induction into
the service.

REFERENCES

1. Gofman, }. W., F. Lindgren, H. Elliot, ¥, Mantz,
J. Hewire, E, Strisawer, and V. Herring, The
le of lipids and lipoprote’as in athero-
scierosis, Science 111:166-171 (1950).

2. Experimental studits on the eticlogy of athero-
sclerosis. (Editorial) J. A. M, A, 143:1344
(1959).

3. Gertler, M. M., and S. M. Garn, Lipid inter-
relationship in health and in coronary artery
disease. Science 112:14-16 (1950).

4. Oliver, M. F., and G, S. Bayd, Serum lipoprotein
petterns in cotonary sclerosis and associated
conditions, Brit, Heart J. 17:299-302{ 1955).

5. Lewis, L. A., and 1. H. Page. Ultracentrifuge
sad electrophoretic  studies on serum lipo-

proteins in relationship to vascular disease,
Circulation 2:466 (1950).

6. Gertler, M. M., S. M. Garmn, and P, D. White.
Young candidates for coronary heart disease.
J. AL M AL 147:621-625 (1951).

7. Report of a cooperative study of lipoproteins and
atherosclerosis: FEvaluation of serum lipo-
protein and cholesterol measarements as
predictors of clinical complication of athero-
sclerosis, Circulation 14:691-743 (1956).

8. Gofman, J.¥., O. delLalla, N.K. Glazier,
F. T, Lindgren, A. V. Nichois, B. Strisower,
and A.R. Tamplin. The serum lipoprotein
t-ansport .r«tem in health, metabolic lis-
orders, ataersscls-osis, aad coronary heart
discase, Plasma 1., No. 4:413-484 (1954).




.

9. Redmond, R.F., L.J. Milch, ¥.¥. Calhoun,
H. I, Chinn, and the Csrdiovancular Research
Group. The evi.uarion of clin‘cal tests fer
atberosclerosis. 1. Instrumentation. School
of Aviation Medicine, USAF, Project No,
21-32-027, Report No. 1, Aug, 1552,

10. Milch, L. J., W. ¥, Calhcun, and R. F, Redmond.
The evaluation of clinical tests tor athero-
sclerosis. Improved techniques in ultracen-
trifug.l analysis. School of Aviation Medicine,
USAF, Project No. 21-1601-0007, Report No. 2,
Aug. 1953,

11. deLslla, O, F., and ].VW. Gofm.a, Ulitracen-
trifugal analysis of serum lipopruteins. In
Glick, D. {ed.) Methods of biochemical unal-
yses. New York: Interscienze Publishers, inc.
1954.

$9-45

12. Robinson, L.G., and E.R, Pugh, The deter-
mination of serum cholesterol. U. S. Armed
Forces M+d. . 9:501-596 ( 1958).

13. Redmond, R.F,, L.]J. Milch, W. W, Cathoun,
H, I. Chinn, and the Cardiovascular Resesrch
Group. Biochemical and biophysical methods
in cardiovascular research. Texas Rep. Biol.
and Med. 11:83-109 (1953).

14. Gofman, }., B. Strisower, O, deLalis. A, Tamplin,
H. Jones, and F. Lindgrzu. Index of coronary
atherogenesis. Mod. Mied. 11:119-140 (1953}.

15. Schlessinger, B, S., F.H. Vilsos, Jr., L. ].
Milch, and rthe Cardiovascular Research
Group, Serum parameters as discriminators
between normal and cceonary groups. Cir-
culation 19:265 (1959).




